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The investigations by a number of authors 
have demonstrated the positive effect of larch 
on the soil, i.e., its physical-chemical prop- 
erties [1,6, 10, 12]. The influence of larch on 
the soil in natural plantations has been studied 
only by Gradoboyev [2]. 


In the summer of 1962 we set up 15 experi- 
mental plots in young pine-larch stands in com- 
partment 32 in the Sukhogor forestry of the 
Lobva lumber industry (Sverdlovsk Oblast'). 

A detailed study of the soil profile and of the 
litter were made on the three most character- 
istic plots to determine the influence of vari- 
ous numbers of larch in a stand on soil forma- 
tion. The plots were located within the same 
economic unit at a minimum distance to each 
other and had the most similar environmental 
conditions, 


As we can see from Table 1, the selected 
plantations have sufficiently similar plantation 
characteristics and are of relatively high den- 
sity. The stands developed after clean cutting 
in the 1920's. The number of larches in the 
composition of the stands varied from 1 to 5 
economic units. 


The areas studied belong to the zone of 
mountain-podzolic soils underlain by basic ef- 
fusive Upper Silurian and Devonian rocks, rep- 
resented by diabases. The sampling area is 
located on a flat summit of a low ridge. The 
microrelief is flat with small elongated de- 
pressions from 0.2 to 0.6 m long. 


The regrowth consists of pine, spruce, 
cedar and larch (10-15 years) of medium den- 


sity. The underbrush is thin and consists of 
dog rose and mountain ash. The grass cover 

is represented by mountain cranberry, whortel- 
berry, stone-fruit, forest geranium, northern 
two-flower, bifoliate maianthemum, and green 
mosses, 


The morphological description of soil pro- 
files is given below. 


Description of the profile in experi- 
mental plot No. 6 
Aj 0-2 cm Friable layer of dry undecom- 
posed residues of needles, 
branches, cones, interwoven 
with green mosses and grass 
stems. 


Semi-decomposed residues of 
grasses, roots, needles, leaves, 
branches and cones. 


Ay 2-3 cm 


A," 3-6 cm Decomposed, unidentifiable 
litter-fall residues of a dark- 
brown color, interwoven roots 
with traces of mineralization 
and earthworms. 

A, 6-18 cm Gray-cinnamon brown, weakly 
humified, with a fine powdery 
structure, friable moist clay 
loam with a great number of 
roots, Gradually changes into 
the A, subhorizon. 


A,B, 18-46 cm Light cinnamon-brown, fine 


Table 1 


Characteristics of experimental plots in a berry-patch pine forest 


Age, 
years 


Average 
height 


Density ac- 
Site cording to 


quality 


37 
36 
36 


Note: Comma represents decimal point 
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blocky, powder-like with stone 
inclusions, compact, moist 
clay loam with traces of small 


roots. 

B, 46-60 cm Light cinnamon-brown, very 
compact with white spots and 
stone inclusions, dry clay loam. 

C 60 cm and Clay, underlain by diabases. 

below 


Description of the profile in experi- 
mental plot No. 7 
Aj 0-1.5 cm Friable layer of dry non-de- 
composed residues of needles, 
branches and cones, inter- 
woven with green mosses and 
grass stems in some places, 


Àj 1.5-2.5 cm Semi-decomposed residues of 
needles, leaves, roots, branch- 
es and cones. 


Aj" 2. 5-5, 5 cm Decomposed unidentifiable lit- 
ter residue of a dark-brown 
color, interwoven with roots, 
with traces of mineralization 
and earthworms. 

A, 5.5-17 cm  Gray-yellow with a fine blocky 
powder-like structure, damp 
clay loam with a large number 
of roots, with humus spots and 
veins, Gradually changes into 
the A, subhorizon. 


A,B, 17-40 cm Light cinnamon-brown with a 
blocky-powdery structure, 
very compact damp clay loam 
with traces of fine roots and 
stony inclusions. 


B, 40-58 cm Light cinnamon-brown, dry, 
very compact with a large num- 
ber of stone inclusions. 

C 58 cm and Parent material - diabase. 

below 


Description of the profile in experi- 
mental plot No. 1 
Aj 0-0. 5 cm Friable layer of dry non-de- 
composed residues of branches, 
needles and cones. 


Aj 0.5-1.5 cm Semi-decomposed residues of 
needles, branches, cones and 
grasses. 

Aj" 1.5-4cm Decomposed litter residue of a 

black-brown color, interwoven 

with roots, with traces of min- 
eralization and earthworms, 

A, 4-18 cm Gray cinnamon-brown damp 

slightly humified clay loam 

with a blocky-powdery struc- 
ture. Gradually changes into 
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the A, subhorizon. 


A,B, 18-42 cm Light cinnamon-brown damp 
clay loam with a slightly blocky 
structure, compact, with a 
large number of small roots. 


B, 42-55 cm Light cinnamon-brown, struc- 
tureless dry clay loam, com- 
pact, with stone inclusions. 

C 55 cm and Gray-greenish with whitish and 

below cinnamon brown spots, very 


compact, dry clay loam with 
occasional traces of fine roots, 
with a large amount of stone 
inclusions, underlain by dia- 
base, 


The morphological descriptions of soils in 
the experimental plots are similar and suggest 
the development of soil formation of the sod- 
podzolic type. The ill-defined podzolic hori- 
zon, common to all the profiles, indicates that 
podzol formation is weakly developed. The dif- 
ferences in the development of the humus hori- 
zon are small, within the limits of the moder- 
ately soddy category. There is an insignifi- 
cant increase in the thickness of the accumula- 
tion horizon with the increase in the number of 
larches in the composition of the plantations, 
There are no differences in the degree of de- 
velopment of podzolization becauge of the vague- 
ness of the eluvial horizon and tyé fack of a 
clear transition from this horizon to the under- 
lying genetic layers. This has been also noted 
by Gradoboyev [2] in the soils of natural larch 
forests in the Altay, Western Sayan, the Kuz- 
netsk Ala-Tau and Tuva, 


The soils described by us have been classi- 
fied in the category of sod weakly podzolic 
soils according to their morphological features. 
They differ in the thickness of the litter (Table 


As we can see from the data given here, the 
total thickness of the litter increases as the 
number of larches decreases in the composition 
of the plantations. The relationship of the thick- 
ness of subhorizons testifies to the satisfactory 
course of the decomposition of organic residues 
(the development of the Aj" subhorizon and the 
insignificance of the A} subhorizon), which is 
also verified to some extent by the presence 
of earthworms. 


The litter mass was determined by weighing 
for each profile 10 areas measuring 1 m? each. 
The areas were established in various places, 
an average sample was taken in each and its 
weight was determined in an absolutely dry 
state, Then the amount was converted to a 
hectare basis. As we can see from Table 2, 
the amount of litter varies considerably: 
amount of litter decreases as the number of 
larches in the stand composition increases. 

A similar phenomenon was noted by Zonn [3, 4] 
and Rozanova [9]. This contradicts the datg a 
of Kartashov [5], who notes that the amount 

of litter in larch plantations (and also the 
amount of annual litter-fall exceeds the 
amount of litter in pine plantations. 
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Table 2 


Litter thickness 


8P1L1B| 2,0 
7TP?L1B| 1,5 
4PSL1B| 0,5 


prs Thickness of sub- Weight of ab- 
tal tion of thd.. | horizons, cm Total solutely dry 
yas planta- A, Aw | AU mass, metric 
PIANY. i 2 » M tons/ha 


Note: Comma represents decimal point 


Table 3 


Moisture capacity and water-permeability of litter 


Experi-| Composi 

mental tion of 

plot No.| planta- 
tions 


192 
181 


Moisture capacity, % Coefficient of infiltration, 


118 


Table 4 


Particle size composition of soil 


Sand 


Medium Fine 


1,0—0,25 


Experiment- 
al plot No. 


Note: Comma represents decimal point 


In addition to the mass of litter, we also de- 
termined its moisture capacity and water per- 
meability in the natural undisturbed state in 
eachsubhorizon separately. This character- 
izes in some measure the water-regulating role 
of the litter and its variation with the compo- 
sition of a plantation (Table 3). 
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Coarse 
0,25—0,05 | 0,0—0.01 


Particle diameter, mm 


Silt 
Medium Fine 
0,01—0 ,005/0,005—0,001 


Physical 
clay 
<0.01 


Clay 
< 0.001 


Moisture capacity was determined by taking 
into account the capillary suspensed water only. 
Examination of the data obtained shows that the 


Ay subhorizon has the highest moisture capac- 


ity. The Aj" subhorizon has the least moisture 
capacity. Moreover, as the number of larches 
in the composition of plantations increases, the 
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moisture capacity of the litter in all subhorizons 
increases, as a rule; this in its turn enhances 
its water-regulating role. 


The water-permeability of the litter, as ex- 
pressed by the coefficient of infiltration, is 
considerable, but changes noticeably within the 
subhorizons, increasing from the bottom to the 
surface, No relationship was found between 
water-permeability and the composition of the 
plantations. 


Particle size composition of the soils was 
determined by the Kachinskiy method with a pre- 
treatment of the soil with 0. 05 N HCl (Table 4). 


The considerable predominance of coarse 
sand and stones in soil in all horizons, except 
the accumulation horizon where these fractions 
are relatively low because of the accumulating 
effect of plants, is striking. Comparison of 
the distribution of separates in relation to the 
composition of plantations indicates that the 
maximum of fine separates (physical clay and 
fine silt) corresponds to the maximum num- 
ber of larches in the stand composition. The 
decrease in the content of fine silt and clay in 
the eluvial horizon in all the profiles testifies 
to the removal of fine separates from this hori- 
zon and to the manifestation of a latent pod- 
zolization process, which is not clearly mani- 
fest in the analysis of the morphological struc- 
ture of the profile. 


Let us note that in plantations with the max- 
imum number of larches removal is less pro- 
nounced than in plantations with a minimum 
number of these trees, 


Thus, the presence of larch in the composi- 
tion of plantations weakens to some extent the 
process of podzolization, the removal of fine 
Soil particles. According to their particle size 
composition, the soils of all the profiles belong 
to silty, medium stony gravelly fine clay loams. 


We know that the leaf-fall and phytoclimate 
of larch improve the soil [11]. Tkachenko [12] 
notes that larch promotes the transformation 
of nitrogen in organic matter into nitrates and 
assists in the transformation of potassium and 
phosphorus into readily-soluble compounds. 
According to the data of Pogrebnyak [6], larch 
promotes the increase in the amount of available 
nitrogen, phosphorus and potassium in soils. 
The investigations of Rozanova [8] showed 
that larch plantations attenuate podzol soil for- 
mation, and increase the thickness of the A+ B 
horizon and the content of humus and exchange- 
able bases in the soil on account of calcium, 
magnesium and available forms of P,O, and 
K,O. The soil-improving role of larch con- 
sists, according to the data of Samusenko [10], 
in the increase of the content of nitrogen and 
phosphorus, in the considerable increase of 
adsorbed bases (primarily calcium), the notice- 
able reduction of exchangeable and hydrolytic 
acidity, the increase in humus content, and 
the improvement of the physical properties of 
soil, Gradoboyev [2] found that the soils of 
natural larch forests in Siberia have a high 
humus content (7-19%) and a high adsorption 
capacity. The degree of base saturation ex- 
ceeds 90%, and hydrolytic acidity is low. As 
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a rule, there are no clearly defined podzoliza- 
tion horizons, The soils are rich in total forms 
of nitrogen and phosphorus. The studies of Vay- 
chis [1] have demonstrated that the soil-im- 
proving role of larch is manifest in the acceler- 
ation of the cycling of ash elements between 
plants and soil, although the larch litter-fall 

is relatively poor in them, The high rate of 
litter decomposition provides for the liberation 
of a large amount of ash elements (Ca, Mg), 
which become fixed in the adsorption complex, 
This is the reason for the sharp increase in its 
saturation and the decrease in acidity, Pokhiton 
[7] notes that larch produces a considerable 
increase in the content of humus in the soil and 
in the total adsorbed bases and also reduces 
actual and hydrolytic acidity as compared to 
pine. 


The results of our chemical analyses (Table 
5) show some specific characteristics of the 
soils studied by us. 


Thus, the pH (water) varies within a narrow 
range, 5.7-6.2, in all the profiles. As the 
number of larches increases in the composition 
of plantations, the pH increases somewhat from 
weakly acid to alkaline, which is favorable to 
plants and microorganisms. The acidity of 
litter is slightly low in all the profiles. 


The pH of the salt extract are lower and in- 
crease as the number of larches in the compo- 
sition of the plantations increases. There is 
a general tendency toward an increase in the 
pH of both the water and the salt extract with 
depth. This testifies to the basic nature of the 
underlying rocks. 


Hydrolytic acidity decreases with depth 
along the profile. An increase in the number 
of larches in the plantations also affects a de- 
crease in hydrolytic acidity. 


Let us note that as the number of larches in 
the plantations increases, exchangeable acidity 
and the content of available aluminum decrease. 


The total adsorbed bases and the adsorption 
capacity of soils increase as the number of 
larches in a plantation increases. The degree 
of base saturation in the profiles studied dif- 
fers greatly: in plantations with a maximum 
number of larches it reaches 74.0%, whereas 
in those with a minimum number of larches it 
is only 32.5%. This testifies to the different 
degree of podzolization of the soils. 


Available phosphoric acid in the soils was 
determined by the Kirsanov method. Analysis 
of the data shows that the content of P,O, in- 
creases with the increase in the number of 
larches in the plantations from 0. 62 to 3. 75 
mg/ 100 g of soil, 


The potassium content (according to Peyve) 
in the soils studied varies from 10. 7-16. 0 
mg/100 g of soiL As the number of larches in- 
creases so does the potassium content, 


The humus content in the soils was deter- 
mined by Tyurin's method. Data show that the 
amount of humus in the accumulation horizons 
of the profiles is low and varies from 2. 01- 
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Table 5 


Chemical composition of soils 


y " Exchangeable " ; r i 
Experi- H : “ae Total Degree of p i | Dry resi-| Mineral 
hentia Hörn P p. acidity, meq adsorbed base sat- 20% WO Humus due residue 
acidit bas as 
jot No. x , )üses uration 
H Water Salt meq A H+A mon , % ’ mg/100 g % 


5,6 

5,1 

5.8 

5,8 

6,0 
7 Ao 5,8 - -: zx 5 = = -" - 0,285 
A, 5,9 5,2 5, 0,07 1,45 8,3 59,7 1,16 13,3 4,39 | 0,082 
AB, 5.8 5,1 3,63 0,15 1,30 5,3 59.6 1,25 8,9 1,63 | 0,067 
B; 5,9 5,0 3,11 0,12 1,10 3,9 55,7 1,25 13,3 1,08 | 0,094 
C 60 | 52 2.49 0,17 1,05 21,2 89,5 8,0 = a 
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Table 6 


Chemical analysis of needles 


Ash, % 
of abso- 
lute dry 
weight 


In % of the weight of ash 


Note: Comma represents decimal point 


5.06%. A higher percentage of humus was 
found in the soil under plantations with a large 
number of larches. 


Determinations were also made of the total 
water-soluble substances in the profiles, in- 
cluding the Aj" subhorizon. The dry residue 
(total water-soluble substances) and the ignited 


residue (total water-soluble mineral substances) 


were determined. It was found that, as a rule, 
Soil under plantations containing larch has the 
highest amount of both dry residue and mineral 
substances. This also refers to the litter, 
where these indices are considerably higher 
than in the other soil horizons. Calcium is 
present only in traces. 


The results obtained verify once more the 
conclusions of a number of investigators on the 
soil-improving effect of larch and on its favor- 
able role in soil formation and in the weakening 
the development of podzolization. 


To determine the role of needles as one of 
the major potential sources of enrichment of 
the accumulation horizons with nutrients, we 
studied the ash composition of pine and larch 
needles, 


According to many investigators, the ash 
composition of larch and pine needles is quite 
different. Gradoboyev [2] notes that larch 
needles have a high content of ash, a large 
amount of silica and a low content of sesquiox- 
ides and calcium as compared to a number of 
other trees, including pine. A high content of 
ash in larch needles is reported by Kartashov 
[5], who notes the especially high amounts of 
silica and phosphorus in them. The investiga- 
tions of Rozanova [9] show that the ash compo- 
sition of larch needles is considerably richer 
than that of pine needles. Thus, nitrogen, sil- 
ica, potassium and, especially, magnesium 
predominate in larch needles. They contain 
a little less potassium and phosphorus. 


The results of chemical analyses of larch 
and pine needles are presented in Table 6, 


Comparison of the data obtained shows that 
the total ash content of larch needles is 2-2, 5 
times higher than in pine. Larch needles are 
characterized by a higher content of silica and 
a lower content of iron oxides. The amount of 
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calcium and magnesium is low, somewhat lower 
(especially that of calcium) than in pine, This 
does not agree with the results obtained by 
Rozanova [9]. It should be noted that although 
the percentage of calcium and magnesium in the 
ash of larch needles is relatively low as com- 
pared to pine needles, one metric ton of larch 
needles supplies the soil with 1. 5-2. 5 kg of 
calcium and 4, 0-6. 0 kg of magnesium as com-, 
pared to only 1. 2-2. 0 and 1, 7-2. 2 kg, respec- 
tively, supplied by pine needles, owing to the 
high total ash content of larch needles. Where 
the pine returns this amount to the soil after 
several years, larch does it much faster, be- 
cause of the rapid decomposition of its litter- 
fall, This provides for a more active cycle of 
substances in the plantations. The large amount 
of silica in the needles is attributable [2] to the 
more active participation of larch in the chemi- 
cal weathering of the parent materials. 


Comparison of the results obtained for the 
experimental plots, taking into account the dif- 
ference in the number of larches in the planta- 
tions, shows that the total ash content of both 
larch and pine needles increases somewhat 
with the increasing number of larches; there is 
a higher content of silica. The amount of ses- 
quioxides in the larch and pine needles decreases 
as the number of larches in the plantations in- 
creases; the content of calcium and magnesium 
increases. 


Thus the ash composition of pine as well as 
larch needles reproduces in some measure the 
chemical composition of soils. This relates to 
the content of both sesquioxides and exchange- 
able bases, At the same time the ash compo- 
sition of larch needles predominates consider- 
ably over that of pine needles. 


Conclusions 


1, The soils of the three profiles investi- 
gated are similar with respect to morphology 
and physical-chemical properties and belong 
to the group of sod-podzolic fine clay loams. 
Differences in intensity of removal of fine sep- 
arates, in acidity indices, in the total adsorbed 
bases, and in the degree of base saturation 
testify to the different intensity of podzol for- 
mation in the soils studied. 
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2. The composition of plantations influences 
in some measure the physical-chemical and 
morphological properties of soils and, what is 
most important, the nature of soil formation, 


3. The recorded decrease in soil acidity 
under the influence of larch provides favorable 
conditions for the aerobic decomposition of or- 
ganic residues; this accelerates the decomposi- 
tion of litter and, consequently, the cycle of 
nitrients between the soil and plants. 


4, The presence of larch in mixed planta- 
tions leads to the attenuation of podzol forma- 
tion, as expressed in the sharp increase in 
base saturation (owing to the rapid decomposi- 
tion of larch litter-fall), in the fixation of the 
Soil complex and in the weakening of the removal 
of fine separates. 


5. The increase in the thickness of the ac- 
cumulation horizon, the increase in humus con- 
tent, the replenishment of potassium, phos- 
phorus and other substances and elements, 
which occur under the influence of larch, lead 
to an increase in the potential fertility of soils 
occupied by plantations containing larch. 


Received February 23, 1963 
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